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Cytotoxic Tcell responses to HIV-1 i reverse 
transcriptase, integrase and protease 



p.D -r/QQjf 



Gaby Haas*, Assia Samri, Elisabeth Gomard^, Arine Ho sniali it7 

Joerg Duntze, jean-Marc Bouley, Hans-Georgjlhlenfeldt*, 

Christine Katlama^ and Brigitte Autran 
XP-002117622 j 

Objectives: To determine immunodominant regions and new epitopes |or cytotoxic 
T celis (CTL) directed against the HIV-1 poi products reverse transcriptase (RT), 
integrase and protease in a large cohort of patients at different stages of disease. 
Design and methods: Cross-sectional analysis of 98 patients fromj' the French 
IMMUNOCO cohort (CD4 counts: 125-1050 x IQ^cens/l), monitored for CTL 
recognition of HiV-1 po/ products using recombinant vaccinia virus constructs and 
synthetic peptides. t 

Results: Memory CTL responses against HIV-1 po/ products were detected in 78% 
of ai) patients whatever the stage of disease. RT was more immunq'^enic <81%, 
30 out of 37 patients; than integrase arnl protease (51% and 24%, respactivelyl. CTL 
recognition of RT was more frequent against Pol amino acids 310-460 (61%, 1 1 out of 
18 patients) than against the other three portions (Pol 168-310, Poi 4!50-600, Pol 
590-728) in patients with CD4 counts > 400 x 10^/1, Vk^hereas in patients at advanced 
stages no prominent differences were observed. Two new clusters of antigenic regions 
were found in the NH, segment: three epitopes between amino-acids Fol 200 and 
217 and four epitopes between amino-acids Pol 346 and 387, using five different 
H LA -restricting elements. A new cluster of three conserved epitopes waslfound in the 
COOH segment of RT. |j 

Conclusions: This study shows that memory CTL responses againjit HIV-1 RT, 
integrase and protease are detectable in most patients at different stages of disease. 
The capacity of CTL to recognize simultaneoJsly clusters of epitopes |nay become 
important for the immune control to reinforce antiretroviral drug efficienci^. 

© Lipplncott-Rj^ven Publishers 

AIDS 1998,12:1427-1436 | 

Keywords: AIDS, HtV, cytotoxic T cells, reverse transcriptase, integrase, 
protease, human T cells 

Introduction the temporal associationl between high HlV-spccific 

— — — - - CTL activity and stablq viral load or CD4 counts 
The capacity oF HIV-speciGc cycotoNic T ccUs (CTL) during asympcomac]c stajgcs [1-3]. Indeed, CTL can 
CO limit viral replication cffecrively is suggested by a directly kill virus-infectfid ceils or participate in the 
dramatic decrease in HTV viral load following the initial production of chemokines that can inhibit viral 
appearance of CTL during primarv' infection and by infecdon 14]. \ 
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'Served during the 
|ghly polyclonal and 
regions spread ai] 



The CTL immune responses ol 
asymptomatic stage of disease are h 
directed against multiple antigeni. regions spread all 

Nef. Rev. V.f and Tat {5^9]. tt haslbeen shown in sev- 
eral HIV protems [lO-U] that thl broad CTL cW 

o^H^v'/n > ' '"Se number 

of HIV epi ope vanants and contril ute to the el.nuna- 
oon of viraj vanants in :.uo [12]. U tie ,s known about 
ih. .mmunogemcty of the ;,o/-enc ,ded proteins mte- 
and protease [13., 4]. despite , ,e:r important ?Se 
m the vxrus cycle which makes thcL majo? targets for 

aentT" 'k'""^- "^'^ ^^^^"^ d vciopment of effi- 
cient drugs such as protease ■nh.buoJs and their comb.- 
nation w.th reverse transcnptase (P*) .nh.biton rT.s« 
^e question of the .mmunogemc.tyLf the protease and 
RT The fa.rly conserved pal gcncfseems one of the 
most mterestmg targets to study HI vLecif.c CTL and 
a highly .mmunogenic reg.on hal been descnb d 
between ammo acids (aa) 359 and 3f 3 [15]. where the 
enzymatic function .s located. Although the epitop 
self shows some vanat.on. the am.no-acid exchanges 
that occur are often conservative: CTL recognition of 

SighTvTist?^1;5o^^^^^^^^^^^ - r 

low virai load and in rapid pro pressors f2 161 
However, the occuirence of in.muncdom.nant sites in 
the three po/-encoded proteins and th^.ir recognition at 

cally studied in a large number of patiJnts. 



Ar^above 400 X loVl. n = 49 (mean CD4: 654 ± 194 

B: between 200 and 400 x loVl n = 41 Cm^,„ r-nx 
299 ± 53 X loVl) and 

10 /I. Table 1 The samples were randomly distdbuted 

Oon of HI V- 1,^, gene products according to a sund^rd 
protocol (Lab 1. Hopital P.t.e-Salpetnere: 47 d^^o^ 

"^t A ^'•"^'"^ ^' The study was 

approved by the board of the Comi.e de Consultation 
pour la Protection des Personncs contre la RechercSe 
BiomedicaJe of the Pit.e-Salpetnere hospital. " 

HLA-typing 

^"^^fT L^^^r^' ^ '""^ C ^^^^^ determined sero- 
logically by Dr D. Charron (Hop.tal St Louis) and Dr 

sundard microcytotoxico assavs HLA-A2 subtyp.ne 
was kindly performed b> Dr Geu^ot. (Hopica] St Elol) 
MompeUier and MHC clas. H e.xpression u as typed'y 
iJT Ineodorou u^mo PPH <;<;t> ' 
„ , ■ = t'v^H.-bbP (sequence-specific 

pnmers) and sequencing of PCR products 



memory CTL directed against the t irec HIV-I 
oicoded proteins. RT. intcgrase and 
HIV-infected patients from the FrcncI 



protease, in 98 
IMMUNOCO 



cohort Th^ r-TF IMMUNOCO 
cohort. The CTL recognition of truncated H/V-] LAI 

fnlTcTL n>"^ '''^ >f -munodoni- 

mant CTL epitopes were investigated , r, relation to the 
d.fferent stages of disease, and a dumber of^iew 
epitopes were delineated in the RT. 



Materials and methods 



Patients 

The screening of CTL responses agjinst HIV-1 
^./-encoded proteins was performed foLs HLA-typcd 
pauents from the French IMMUNodb cohort w'^S 
CD4 counts of 125 to 1050 X loVl. P^^^^ .^vanous 



stages of disease with different lengtl 



-nfection Wd^ -ho;'-^^^^ ^P^,— 
of disease. For the present study, one bjl,od sample oe^ 

cohort. The patients were subdivided into three 

r,r„r .„ ^ CD4. „ 



Kecombinant vaccinia viruses 

i"'-S"se have 

already been descnbed (U). The constnicr WTG9I18 
wher^tT °^H'V-,,,, (,a ,-167 of Pol) 

Lys Leu to remove chc to.vicitv of the protca.e for 
^ST6S r'\'' ""-'^-^^ - PO-/on 

(Pol-4. aa 590-728). an inmatior, codon and a stoP 
codoi, as well as adequate re.tnction sites, were m tro 
duced by local mutagenesis nnmediacclv before 7nd Z 
the indicated positions. The truncated genes were sub 
STnh' introduced mto the genome of vaccinia J.t 
(Copenhagen strain). The construction of truncated 
•ntegrase genes VVTG816] (Pol-5 .a 7^8 «8m ^ 
WTG8,62 (PO.-6. aa 87a-,oS5) .4 d^nVsliSfaV 

Amplification and sequencing of HIV-l RT 
proviral DMA 

HIV-l RT products were amplified from 10* uncul- 
tured peripheral blood mononuclear cells (PBMC) 
from our pauents using nested PCR of provi al DNA 
prepared by sundard phenol extraction and ethano^ 
precipitation. Purified DNA was amoIin^H 
p^er. MJ3 and MJ4. as descnbed^V^df ( VYfo^rh! 
arst round and primers RT for fCCGGAATTrl^ 
CATGGGTTGCACTTTAAATTTraCT^^^^^ 

GTcSl^fTCA^f^^t^^^^^^^^^^^ 

CCATTTATCAJ for die second round. PCR con 

fiTmoT/lT ' ^nT^''' '^^^'^ mmor/fKCl 
10 mmol/lTris-HCl pH 8.3. 200 ^mol/1 of each 
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dNTP. 0.4^mol/l of each primer and 2.5 U PfU Ta^ 
polymerase (Stracagcne Ltd.. Can bndge, UK) in a total 
volume of 50 yl; 5 ^ from the filu round ofampUfica- 
tion was used for the second P(|;R. Before amplifica- 
tion, the samples were denatured for 5 min at 94°C. 
Cycling parameters were 30 and 25 cycles of 1 min at 
94**C, 45 s at 55°C for the first ar d at 50^C for the sec- 
ond round, 1 min 30 at 72^C fdr the first and second 
round, respectively, followed by i final elongation step 
of 10 min at 72*'C. Consecutive Jloning of PCR prod- 
ucts was performed using the ItA cloning plasmid 
(Invitrogen, Leek, The Netherlailds), and recombinant 
clones were sequenced on an Jutomated sequencer 
(Applied Biosystems, Foster City. Cahfornia. USA) 
using the Taq cycle scqucncinl kit (Pcrkin-Elmer, 
Saint-Quentin, Yvclines. France) with dye pnmer T7 
and Sp6 according to the manulLcturer's instructions. 
Four to five clones of each sampl< could be sequenced. 
To test for rare mutations at Rl 215, PCR products 
from primers MJ3 and MJ4 wcie diluted in 10-fold 
steps from 10*^ to 10'^ and amplified in a second round 
with two sets of selective primels for RT215 Y and 
RT215 T, respectively, as dcscnHcd fl8I. PCR prod- 
ucts of the second round wcr| 
agarose gel. 



Peptides 

According to the pol sci|uence fl9). peptides 



of 25-32 aa in length were synth 
ing and specific restimulation of 
were chosen according to known 
for the patients' HLA molecules ( 



analysed on a 2% 



Peptides were either provided by t 
de Recherche contrc le SIDA ( 
by Neosystems, Strasbourg, Franc 

J. Berzofsky, National Institutes If Health, Bethcsda, 
Maryland, USA, or synthesized uiing Pmoc chemistry 
by solid-phase technique on an 
synthesizer 430A as descnbed [21, 

reversed-phase HPLC (Beckman _^ 

Alto, California. USA) and electro; pray-mass spectrom- 
etry. Lyophilized peptides were dissolved in H,0 and 
stored at -20*'C. 



ized for first screen- 
TL. Shorter peptides 
HLA anchor motifs 
>1 



e Agence Nationale 
NRS) Dnd prepared 
or provided by Dr 



Applied Biosysterns 
22] and analyzed by 
System Gold, PaJo 



Antigen-presenting cells and g eneration of 
CTL lines 

To analyse Pol protein recognition after viral restimula- 
tion, polyclonal HIV-specific CTL lines were gener- 
ated by cocultures of patients' PBl AC and autologous, 
irradiated phytohacmagglutinin (PHA)-stjmulated cells 
and recombinant lL-2 (20-30 J/ml. Boehringer 
Mannheim SA, Meylan, France) [12]. Briefly, PBMC 
stimulated with 2 Mg/ml PHA and irradiated after 18 h 
of culture, were added to thawed FBMC (lOVml) at a 
ratio of 1:5 in 24-wclJ culture pladw (Coming Costar. 
Bmmath, France) and tested for ClfL recognition after 
16-24 days. " 



In some cases pol product-specific CTL were fijrther 
studied by coculturing PBMC at a ratio of 5:1 with 
Epstcm-Barr Virus (EBV)-tTansformed lymphoblastoid 
cell lines (LCL) pre-infected with recombinant HIV- 
Uai Pol expressing vaccinia at 5 p.fu./ceU overnight. 
For the inactivation of vaccinia virus constructs. (VAC, 
Transgene, Strasbourg. France), cells were first incu- 
bated in the dark with 5 Mg/mi psoralen {trisoxsalcnc4' 
aminomethyl-HCl, Caibiochem, Mcudon, France) 
dissolved in dimethyl sulphoxidc at 1 mg/m) for 
10 min at room temperature, exposed to a 365 nm u.v. 
lamp for 10 min with gentle agitarion, washed three 
dmes and irradiated at lO'^ Rad [23]. 

Peptidc-specific CTL lines were generated by co- 
culturing PBMC with irradiated autologous PHA- 
stimulated cells or with EBV-transformed LCL that 
were preincubated for 2 h at 37<^C with 1-20 |im 
synthetic peptides. The protein- or peptide-specific 
CTL lines were restimulated each 8~10 days under the 
same conditions. They were assayed for CTL activity 
on urgets matched for one MHC class 1 or II molecule 
(LCL) after 3 weeks of culture and then 6-8 days after 
specific restimulations. HLA class-I restriction was 
analysed by testing CTL reactivity against two or three 
difTerent HLA-matched antigen-expressing target cells 
and against HLA- mismatched control targets. 

CTL assay 

CTL activity was tested using a standard ^'Cr release 
assay as described (9). As target cells wc used autolo- 
gous or HLA-matched EBV-transformed B cell lines 
(LCL). For recognition of HIV gene products, targets 
were infected with 5 p.fu./cell recombinant vaccinia 
virus constructs, 18 h before CTL assays. Alternatively. 
PHA-stimulated, HLA-matched PBMC were used as 
target cells. Briefly, target cells were labeled for 2 h 
with 3.7 X 10^ Bq Na/'CrO, (Amersham, Les Ulis. 
France). For peptide-speciGc recognition, target cells 
were incubated with the appropriate peptide (1 pm, 
10 ^m or serial dilutions down to 1 pm) for 2 h, before 
adding 3-5 x 10^ labeled cells to serial dilutions of 
effector cells. Specific lysis was calculated as follows: 

100 X (experimental - spontaneous release) /(maximal 
release in HCI - spontaneous release). 

Spontaneous release varied between 10 and 25% of 
maximal release for peptide-specific and up to 33% for 
vaccinia virus-infected target cells. 

CTL responses were considered positive when the spe- 
ci6c response exceeded the nonspecific response by 
10% or more at two effector /target (E/T) rados or 
more, in at least two repeated experiments. 

Statistical analysis 

Statistical comparison of CTL recognition between the 
tliffJjrent groups of patients was made using the ^ test 
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Results 



CTL recognition of the hI^Ti ^^7 gene produ^ 
RT,integrase and protease P "«ucis 

rrVhJ n ft J recogi it.on of HIV- 1 LAI Pol 
(Tabic 1) after random distribution in two bbo« ori« 
U5.ng r«t,„,ulanon wuh autologous PHA bjLu a nd Tl 

7?o^ of S ""^'eninon ofjHIV-1 Pol was found 
/»/o of the patients (77 out jf 985 wirh , i! V, 

similarity ,n frequences of JtI i, 

o„w 870/ • '^'^ Of I L detection with 81% 

Zn TA I" ^ ^"'^ C. respectively « 

well as in the intensity of K^Tr , as 
shown) The rrr ""'y.°M^TL activity data not 
proteins RT ^^^«e"'"°f of a" three po/-encoded 

rnTestT,?;L'"'T^!' '"'^ PT"'^ ^« simultaneously 

detected and samples weqlfn a^v^raeT 

."r::e"ofr;rrnt di- 

three proteins wa's fou'^ « "J.'? ^f^'^ 

ni^ed w,h the highest freqj.„cy (in Sl-Iof " 
?9/37 ' TT''' ^" .nteXediate frequency 

staristically significant (P < 0 Ln b^th^""" ""r 
patients (A and B+C. Table 1"- - ^- -^^ °^ 

Stages of disease. 



I. representing different 



^ P^/" '"T"*'"'^' regions of 
HIV-1 Po/ in RT and integrJje 

r-Tt ' ' ' — x-wuns witn aut< 



<ncomp»>m8 ISO «ch, we„ mdiv.du^zrf i„ RT 
vaccinia vinis consirueu: Pol a, 168 iTn /o . 
310^60 (P„,.2). .5(«0O (PoU) and 5^7° J^'; 

' co^.cdti'h . IIT' « r<"^ wa, 

m tne different eroups- 44% anH ^Qo/ ^ 

nT/:.f o"r„^ r-^ -^^"n^rr, 

nine u, B and four out of four in C; P = o 14) 

were noted in the CTL recognition of the four rerons' 
between groups A compared with B and C. bee ut "f 
the hmited number of patients available m grol^! B 

117:CtT °' ^--J--- analysed for 

Tabje 2. The NH. parr of ^^^^wal^o ^ ^fefn^o;" 
nized in groups B and C C7W> rU rccog- 
t>„r .1, i'-*^) than in group A (40%^ 

but without statistical significance. 

Characterization of new epitopes in HIV-I RT 

tntf ttTu^TT^rb" '''^ ^"^^ 

Jftopes were'anal^el Po^X;ur^:^rl^-L"c7ei 
14 patients in laboratory 1 from groups A S and r 
according to thm^ r"rr - ^ ' ^ 

reeions Th ^"ognition of the RT sub- 

regions, ihe rccoenition anri wr a 
individual CTr ,.5? restriction of 



Groups 

A (n = 49) 
B (n = 41) 
C(n ^ 8) 

Total (n s= 98J 
gab H-2) • 

•Pof-specffic cytotoxic T tymphocytes (( 
gene. ^Croups 8 (20 patients) and C( 
agatnst alf three po/ gene p Jucts in Lai 



CD4 counts 

654 £ 194 
299 ± 53 
160 ± 31 

461 - 237 



40/49 (81%) 
30/47 (73%) 
7/8 (87%) 

77/98 (78%) 



RT 



A(n = 14) 
8+C*(n« 23) 



Tocaffn = 37*) 



T2/14 
18/23 



^ntegrase Protease 



10/14 
9/23 



4/T4 

S/23 



30/37(81%, 19/37(51%, 9/37(24%, 



analysed in the whole cnhoft iici^l — 
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100 




Fig. 1, Recognition of new epitopic 
from HIV-1-infeaed patients in the 
with the peptides indicated in the f , 
tion with recombinant vaccinia virus ^ 
Targets were B lymphobfastoid cell lin 
or 10 pmol/l of peptide. Auto, Tested 
mismatched targets. 



100 10 



10O 



100 10 

E/r ratio 

peptides all over the reverse transcriptase by specific cytotoxic T lymphocytes (CTL) 
ext of various HIA molecules. CTL recognition of HlA-matched targets incubated 
ngs; O, targets incubated without peptide. CTL lines were generated after restimula- 
droducts corresponding to the whole H\V-^^ pol gene or with autologous PHA blasts 
nifes (LCD sharing one HIA molecule with the patient as indicated and incubated with 1 
on autologous B LCL. No pcptide-specific CTL recognition could be found on HLA- 



P >l 

CO itext 

hea di 
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Table 2. Jfrtmunodominant regions 



Patients 
(Ub 1) 



A; CD4 > 400 
(n = 18) 

B+C^ CD4 < 400 
fn = 13) 
Total n = 3 1 * 



PoJ-1 
(168^370) 



8/18 (44%) 
5/13 (38%) 
7 3/31 (42%) 



in HfVO RT and integrase recogn ized by CTl. 

HiV-1 RT ~ " 



Pof-2 
(31&-460) 



P0I.3 
(450-600) 



n/i8(6i%) 

5/13 (38%) 
16/31 (52%) 



Poi-4 
(590-728) 



7/18(39%) 
6/13 (46%> 
13/31 (42%) 



Patfents 
(Lab 2) 



HIV-1 integrase 



5/18 (28%) 
7/13 (54%) 
12/31 (39%) 



Po(-5 
(728-^80) 



A; CD4 > 400 
(n = 75) 

C04 < 400 
(n = 12) 
Toul n = 26* 



Pol-6 
(870-7015) 



6/15 (40%) 
8/1 1 (73%) 
16/26 (62%) 



7/7 5(47%) 
5/11 (46%) 
12/26 (46%) 



^Croups 8 fn = 27) and C (n ^ 3) v fcre evaluated together for • r^.' "f ^ ^ = 16/26(62%) 12 /26 (46%) 



autologous PHA-shmuIatcd cfcUs). HIV-1 p<,/-encoded 
recombmam vaccnia virus or synthet.c peptides. Pint, 
ttder^f if ^"^ -brJsions. rwo of three pcp^ 
t.des of 25-32 aa length were synthesized according 
the known cpitop.c regions o^ HIV-1 LAI RT fl5] or 
to mdude sever.1 MHC-class anchor motife for HLA- 
Al. A2. A3/A11. B7. B8. B.15. B38. B51. C7 [20] 
Shorter peptides of 8-12 a| length encompassing 




0,001 0,01 o.t 1 

l!'-^; °^ P^P"^^ recog.ition in (a) HLA-A3- 

estr,cted cytotoxic T lymphocyte idlU recognit on of epi- 

S^lT "S'p-'/? ^[T* Nh" regions 

(683 692, ifl*'^'- ^^"g-«o" of epitope? pS 

! '^'^"^'^'^ *>y HLA-A2, and Pot (699-707) 

restncted by HLA-87, in the COOH region of Po^ CTL 
t.nes were generated after restimula on with recombinant 
v^c^. v.rus products corresponding to the whole ^^^7 

r^fnf- ^^'^'^ 'y^'" " effector/urget (E^ 

rafos of 30/1 and background lysis .gainst targets wthout 
peptide, is subtracted: (in A 4%, in B '% far HiTa^T ^ 
and 2% for HLA-B7 targets wit^;ut peEde) ' '^'^^ 



known MHC anchor motifi for the patients' HLA hap- 
otypes were then used to deterrt^ne optimal ep.top« 
(l-'g I). A summary of these new epitopes which were 
not recognized in the context of mismatched HLA 

showed " " P^P"*^' ""^"'-ns 

showed recognition of most of these epitopes in the 
nanomolar r^ngc (Fig. 2). r k " tne 

Peptide mapping of region PoI-1 was performed after 

(1«7 219). We detected a cluster of new CTL epi- 

ot HLA-A2 in three patients, whereas the overlapping 
cpttope Pol (20(K210). restricted by HLA-A3 was Tc^ 

^SZ^7? P'"'""* ^^'S- 2='^ R-ogn.tion of Pol 
{^U':f~^l/) ,n t%vo patients was restricted by HLA-B51 
but not -B8. although it contains a partial MHC class I 
motif with Lys at position 5 (Fig ]). 

In region Pol-2. recognized by most of group A 
patients we found CTL recognition of the previously 
described long pepnde (359-383) fl5J in eight out of 
10 patients w.ch different HLA haplotypes Specific 
CTL were expanded recognizing this peptide in the 
context of HLA-A2 (not shown). A3 or B3I We char! 
actcnzed two new optimal epitopes in this region by 
res irnu lation with either peptide Pol (359-383) or Vac 

for HLA A3/Af? ^'"^""^ ^''^ '^"^ -"^^ 

H^A A^f ? recognized in the context of 

(368-376) was recognized in three other patients This 
epitope with an Ile2 and Leu9. was reco^ized in the 

^S;rA2°res';''-^ H^^^" ''^ ^ ^<^'^'^- 

HLA_A2-restncted CTL epitopes were found in three 

(37(^387) IS a dodecamer and contains an AsplO and a 

r«rStwt"^»rTrr'°P'' (588-596) which was 
tT^OOH ^u' r.'' - four Parients. 

Jlr??? ^""^-^ ^^"^^'i"^ ^ duster of dis- 

tinct CTL epitopes. Restimulation with Vac Pol or 
vnth peptide Pol (677-709) allowed the iderdfic^Ln 
of the epitope Pol (683-692; Fig. 2b) with Leu at posi" 

Pol (681-691), previously described in the mouse [23] 
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Pol 

amino acids 



RT 

amino acids 



200-208 
200-210 
209-217 
346-354 
359-368 
368-376 
376-387 
588-596 
683-692 
699-707 



33-^1 
33^3 
42-50 
179-187 
192-201 
201-209 
209-220 
421-429 
576-525 
532-540 



Table 3. Ne w cytotoxic T lympohocyte (c|rL) epitopes of the HIV-l re verse transcriptase (RT). 

MHC restriction 
element 



•Peptide concentration at which CTL lysis 
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Peptide sequence 



Peptide 
titration* 



ALVEICTEM 

ALVf ICTEMEK 

EKECKISKI 

VI YQ YM DO L 

OLEICQHRTK 

KlfELRQHL 

LLRWCLTTPDKK 

PLVKLWYQL 

EL VNQ) lEQL 

YLAWVPAHK 



Responding 
patients (n) 



HIA-A 2 

HLA-A 3 

HLA-B51 

HIA.A2 

HLA-A3 

HLA-A2 

HLA-A2 

HLA-A2 

HLA-A2 

HtA-B7 



0.1 nmol/l 
0.1 nmol/I 
NT 

1 nmol/l 
1 nmol/l 
1 nmol/l 
1 nmol/l 
0.1 nmol/l 
0.1 nmol/l 
0.1 nmol/l 



> higher than 50% of maximal CTL lysis. NT, Not tested. 



3 
4 
2 
3 
4 
3 

4 

3 
3 



Table 4. Cytotoxic T lymphocyte (CTL) rejognition of mutafons in the reverse transcriptase (RT) gene associated with drug therapy. 

RT mutations 



CTL 



Pol 1 



Patients Treatment (RT 1-M3*) RT 1 4 



201,00 zidovudine 
211.00 NT 
218.00 NT 
220.00 zidovudine 
22900 NT 



ecognition of RT regions and epitopes 



— — — " • — ,. I I'l-i i^tTi i^rvi 

P^!ZL°y^rMn according j3 the RT amino-acids. ( + )Peptide 209-220 inctudino the 215 mutation. NT. Not treated with anti 

etrovtral drugs. NO. not done; NM, no standard drug-induced mutations. 



retroviral drugs, NO. not done; NM, no st 

which does not contain the class 
[20]- Both were recognized in the 



cal HLA-A2 motif 
HLA-A2 context in 



L . ^ ...W . ..U. « i »*- 111 

three patients each (Fig. 1 and Tablp 3). CTL from two 



I >usly described Pol 
-iLA- B50, whereas 



patients also recognized the previ 
(695-716) [24] in association with 

for two other patients, the rcstridiion element could 
not be determined. No optimal epitope could be 
defined in the context of HLA-B50, but. finally 
shorter peptide frorn this region, =*o] (699-707), was 
recognized in three pnrients, restricted by HLA-137 



(Fig. 2b). Several peptides that, 
showed poor CTL recognition and 



match our catena of CTL recognition in at least two 



assays at two E/T ratios and for tw 
the already described Pol (20 
HLA-rcstriccing eJemcnt could no 
peptides Pol (193-206) and (199- 
(652-660), which contained a 
Borderline results were also obuine 
and C7 restricting elements for pe 



Pot 2 



Pol 3 



Pol 4 



?-293* RT 209-220-*- (RT 283-433') (RT 423-561 *) 41 184 211 212 215 



+ 
NO 
ND 
NO 
ND 



NM NM 2nK 212C NM 

NM NM NM 

NM NM NM 

NM NM NMand2l5Y 

NM NM NM 



have been tested 
did not completely 



and HLA-A3 for peptide Pol (69^-707). Peptide Pol 



gnized at all in 
an HLA-A2 motif 



(645-653) could not be reco 
two patients tested despite having 
(Fig- 1). 

Investigation of drug-induced niutations within 
HIV-1 RT epitopes 

The two N-terminal RT regions Pd-l and Pol-2 con- 
tain CTL epitopes where mutati )n5 are known to 
appear within the course of treatment by RT inhibitors 
such as zidovudine (ZDV), didanisinc (ddl) or zal- 
citabinc (ddC). According to our definition of new 
CTL epitopes, the most exposed ep4opes for such vari- 



patients each; e.g., 
-219) [22]. The 
be determined for 
123) or for peptide 
HLA-A2 motif, 
with the HLA-A2 
tide Pol (209-217) 



adons are Pol 200-208 (RT 33--^l), Pol 200-210 (RT 
33^-43). Pol 346-354 (RT 179-187), Pol 376-387 (RT 
209-220) and the ovcrlappmg region Pol 359^383 (RT 
192-216). We therefore determined the RT sequences 
and looked for the standard mutations at positions 41, 
184 and 213 for five patients whose HlV-specific CTL 
did or did not recognize such regions. Two of five 
patients tested had been treated with ZDV only when 
tested for CTL recognition in 1991-1992. In none of 
the samples, however, did we find viral mutations at 
these very sites. Patient 201 had shown mutations at 
RT211 and 212, sites also present in epitopes 
(209-220) and (192-216). As only a limited number of 
sequences could be obtained, we further tested for the 
occurrence of the mutation RT215 by selective PCR. 
This method also revealed only wiJd-type variants in 
the tested patients, except for patient 220, who showed 
both wild-type and mutated residues at RT215. As 
shown in Table 4, the lack of recognition of the Pol-1 
region or Pol-2 region or of the epitopes described 
above could not be attributed to the drug-induced 
mutations in these samples. 



Discussion 

Our study was designed to characterize memory CTL 
responses to the HlV-1 pol gene products in a represen- 
tative cohort of 98 patients at different stages of disease 
and wc detected immunodominant sites and epitopes in 
these proteins that mav r\f ;T^^*»^.*c^ Cr^^ 
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t 
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and integrase and ev " '"'^ P^^'^^^- 
n.zed of ehe cht^e p"™ s S^'d 

(476-484) and one 3 Gag725n/r'"s^'' 

rrr l, , ^ j"""^ sufficieric to sensitize target cells for 
CTL lys.s. Indeed, the nun,i,er ofpeptide-MHC rim 
plexes required for specific -"TT "~ 
iow as one co three'^^f^^cE^ k^TT " 
depending on the effecrnrT * J '° ''"V 

conserved [19.27r^^he^eTHIvT"'^ "'"^ 



at all su Je/ """^ "T*'^"'^' detectable 

at all stages of disease, indtpendently of the Hf A 

haplotype, as also found for kT-specTf c CT 

sors in a recent study fl61 cLLr T f P'''^"'"- 

tenance of memory CTL h , 7^ 

effector CTL acS h . °" «f HIV-specifc 

Patients by o^r;^',^/f29i Thet"°"r 
showed decreasefrnd ;L ^' T Sroups also 

ory CTl lTh d frequencies of mcm- 

f2 30-32 1 A. % ^''"''^ pogression to AIDS 



them showed any selec- 
tor those antigens 
study, onJy three of the 



stages of disease, but none of 
"vc loss of recognition 

ce.s/, that n^amfam^dTpecdcTl of h" J "J^' 
ucts had already developed Affc: J P'*^" 
.rhe possibility tLt antStrovXheX^Tad" ''''^'"^ 

However, vL, ret^fe—:^^^^^^^^^^ 



treated patients at advanced sta, 
accordance with the limited 
given as mono^ or bitherapy 



es (data not shown), in 
[fliciency of the drugs 



patients at advanced stages of dis«.^ c.,^ 
b.r of CTL epitopes spread aJ o^e^^^f^^^^^^ 
Our st^dy on individual RT epuope/wa^ de^^^!?^^- 

be orpoten J.t%7f::tarne":L^^^^^^ 

-muno'domTnan T n d B TnT' "^^"^ 
described in highly Jon. ^^"^ 
f22-24 271 p" '"S'"y .conserved regions of RT 

RT. SIX with optimal anchor residue 
-ed ,„ .He context of eith^HLTS ^r^^^" 
These epitopes are contained in two dustet, of fnri 
gen.c regions, three epitopes in Pol 1 hlZ TT 
200 and 217 and four epitopes n P I 
codons Pol 346 and ^R7 . P" P°'-2 between 
located at the slrof enzv P'^"'°"'.'>' ^^2"-=^ peptide 
f 1 :ii - enzymatic activity, Pol f359-i«-t> 

1 . ; 3 cJassicaJ HLA 

which shows an optimal HLA-A2 moHf U 
Pol f34&-^S4'i u, , motif The epitope 

PO.-3 and Pol-4 descnbed^n^:;;, st?dylT:;'ror 
?h7et ^"nt^CTTtp f ir p-^-". p^t^Sts: 

(699-707) and Po^6Tr7f6;h ' f ^^'Z^^). Pol 
Which paLly ovtl^,';oL?.i:d^CT^^^^ 
epitopes described in mice [23.24.27] " 

n'^^^lrned'^rir^'"' simuluneously sevetal 

text of the'diffli^HLA T""^" 

padent showed an md!:i^l7 ^.^l",^^^^^^^ 

oon a d no ^^.^^^ ^^ars^temSrSS;: 

A with initially subTe" CdJ^ P'^^"' 8^°"P 
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A2 and -A3 patient, from group 



counts and intermediate viral Id ad only recognized 



CTL 



responses to HiV I RT, integrase and protease Haas et ai 1435 



c, with low CD4+ Acknowledgments 



16). Several epitopes 
hem situated in the 



epitopes Pol (346--354) and (69S-' 
are HLA-A2-res trie ted, most of 

NH2 part and some in the COOjk segment. Three of 
the four patients from group C ha ^e HLA-A2 and rec- 
ognize epitopes mainly located in he COOH segment, 
which are not necessarily also recc 
A2 patients from the other group|. Differences in dis- 
tribution of HLA types that have [been associated with 
progression and nonprogression fes] might influence 
the spectrum of epitopes recognized by CTL. 
However, the number of patiehts in the different 
groups of this study is too small 10 aJJow a significant 
analysis of HLA distribution. 

The fact that most immunodominant CTL epitopes 
have been described in conserved regions of the HIV 
proteins docs not preclude CTL |-ccognition of more 
variable epitopes, but reflects probfebly an cxpenmenuJ 
bias resulting from the general usalc of the HlV-1-LAl 
sequence as a reference target antigen. The high vari- 
ability of HIV protease may explain the lower CTL 
recognition of the HIV-1 LA! pioteasc in our study. 
The differences in the level of CT . recognition of var- 
ious regions of the p<j/-encoded products may also be 
due to mutations situated in don inant CTL epitopes 
[12,39,40]. Thus, the use of both \ariant and conserved 
epitopes might be important for vatcine strategies. 

Interestingly, classical resistance m itations to antirctro- 
viral drugs can occur in some cf the new epitopes 
described here. These mutations i light influence CTL 
recognition and therefore we chet ked the presence of 
such mutations in some patients However, in such 
large studies as ours, individual vjj al sequences are not 
available for all patients. In most o~the current samples 
of our patients, wc could not dcte t the classical ZDV- 
related mutations, but only rare mjtations occurring at 
other sites. We cannot, thus, attribute nonrecognition 
of epitopes to one of the classic nutations in general. 
Non-recognition of RT regions, i h which such muta- 
tions could occur, was also obseJved in patients not 
receiving antiretroviral therapy Ipatients 218, 229). 
However, in samples from later tirlie points, the muta- 
tion RT41 could be found for pat srnts 201 and 220. as 
well as RT184 for patient 201 anil RT215 for patient 
220 (manuscript in preparation). There is probably 3 
complexity of factors influencing the recognition of 
given epitopes or epitopic regions. On the basis of the 
knowledge of immunodominant regions and new CTL 
epitopes, current studies in our la )oratory arc investi- 
gating the HIV pol-specific CTL iesponses in individ- 
ual patients over time. Our definiti )n of clusters of new 
CTL epitopes should help to analy e frirther the conse- 
quences of antiretroviral dierapv fol CTL recognition. 
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